The concept of ventricular septal defect as a disease of little severity (Roger, 1879; Brown, 1950) , has been upset by the observations of Marquis (1950) and Engle (1954) . The median age at death in Abbott's (1951) cases was 141 years; however, in common with others, we have observed severe disability and death in many younger children.
The advent of surgical therapy for this defect (Lillehei, Cohen, Warden, Ziegler and Varco, 1955) , and the desirability of correction at an early age make it worth while to review the clinical features in the earliest age group. The haemodynamic findings will be given in some detail.
Material and Methods
Sixteen cases of ventricular septal defect occurring in infants aged 1 year or less were studied in 1955. Table 1 shows the age at onset of symptoms and examination. Special studies were undertaken because of significant disease, and a large percentage thus observed was less than 6 months of age. Cardiac catheterization was done in the usual fashion using the Waters-Conley cuvette oximeter for oxygen saturation assessment. Its accuracy was checked by two or more Van Slyke specimens. Expired air was collected in a Tissot spirometer and analysed for oxygen and carbon dioxide content by the Scholander method. Calculations of shunts and resistances were by the usual formulae.
The catheter was normally placed in the femoral vein after the infant had received light basal (barbiturate) anaesthesia. Procaine (I %) was used as a local supplement. Two patients who had suffered congestive failure received oxygen throughout the catheterization, as it was felt that arrhythmias were less frequent in this circumstance. Difficulty was found in recording adequate pulmonary capillary pressures. We have found this also in adults with a large left-to-right shunt where more advantageous circumstances exist. The femoral vein was routinely ligated. No death or complication attributable to catheterization occurred.
Clinical Features
The Symptoms. These (Table 2) are surprisingly constant, and compare well with those found in other severe left-to-right shunts. They consist principally in failure of growth, refusal to feed. frequent respiratory infections and a 'murmur', (Maxwell, 1954) .
The character of the second sound at the pulmonary area is of some interest. It has been observed by Leatham (1952) Apical diastolic murmurs were not heard in this group, which contrasts with Wood's (1950) findings for older patients with the same defect.
Anaemia is not uncommon. An attempt was made to exclude the 'physiological' anaemia of infancy in assessing the figures, and there is some evidence that a true iron-deficiency state exists. Certainly difficulty is found in introducing a mixed, iron-containing diet to these infants, and a staple diet of cow's milk is usually deficient in this element. The frequent infections introduce another need for iron (Wintrobe, 1951) and aggravate the condition.
These infants are lethargic and inactive. Muscular hypotonia is not unusual and this combination results in failure to pass the milestones of motor development at the proper time. Thus the ages of rolling over, sitting up and crawling may be delayed. Observation of other older cases suggests that those who live may catch up in the second and third years.
The single case of laryngeal palsy is not very unusual, though it is perhaps more common in cases of atrial septal defect.
Discussion of Clinical Features
The history is that of any severe left-to-right shunt, resembling most closely that of a 'malignant' patent ductus. Like the latter, the symptoms may exist from the perinatal period and are characterized by feeding problems, failure of growth, respiratory infections and a murmur. This latter corresponds with the description given for older children and adults. The thrill, however, may not appear until some months have elapsed. The murmur and thrill may be confused with that of aortic or subaortic stenosis; we have encountered four such cases in the period of this study. In these the murmur and thrill were not distinguishable from those of ventricular septal defect. However, good growth and lack of cardiomegaly and pulmonary plethora were useful differential points. They are more difficult to tell from cases of ventricular septal defects without pulmonary hypertension. A similar difficulty was reported by Taussig (1955) . Brachial arterial tracing may be a useful distinguishing point.
Radiology
As a result of selection, enlargement of the heart was usual. Biventricular increase was common, and differentiation of the major chamber enlargement was difficult in these circumstances. The pulmonary arc was prominent, and the lung fields engorged: relative peripheral hypovascularity was seen in several patients, reflecting perhaps the situation reported by Hultgren, Selzer, Purdy, Holman and Gerbode (1953) , in cases of patent ductus with pulmonary hypertension. The linear markings of Kerley (1951) were not seen. This was not unexpected, as this sign is related to the level of the pulmonary capillary pressure and not to the pulmonary arterial tension (Bruwer, Ellis, and Kirklin, 1955) .
A corollary to increased pulmonary blood-flow is increased left atrial size. This has been said (Keats and Steinbach, 1955) to be characteristic of patent ductus. However, the left atrium may be prominent in any condition with pulmonary plethora and intact atrial septum. Brostoff and Rodbard (1956) have demonstrated the hydrodynamic cause in simulated ventricular septal defect.
Common radiological findings are illustrated in Figs. 2, 3, 4 and 5.
It will be seen that the findings in severe ventricular septal defect are very similar to those reported in 'malignant' patent ductus by Adams, LaBree and Stauffer (1950) ; it is probable that many cases are radiologically indistinguishable by ordinary techniques. While hypervascularity and right ventricular enlargement will occur in some cases of atrial septal defect, we have not noted left atrial enlargement in this condition. This is perhaps a useful differential point.
Routine angiocardiography has been of little value in delineating this lesion, and has only occasionally been employed by us. The size of the right ventricle and pulmonary arteries may sometimes be shown by this method, and the left ventricular dimension assessed by difference.
Electrocardiography
Most cases showed a right bundle branch block, often of the complicated type associated with increase in the right ventricular work (Wasserburger, 1956 ). Some cases may also show evidence of delay in activation time over the left ventricle in addition to the previous finding.
However, the electrocardiogram of ventricular septal defect is by no means unique; similar patterns may be found in patent ductus, again with signs of right and left ventricular overloading. The haemodynamic coincidence of these two lesions render this a reasonable finding. A common E.C.G. pattern is seen in Fig. 6 (Turchetti, 1954) . In some cases the left atrium was entered by way of a foramen ovale; that this was not a functioning defect was suggested by the lack of arterialization of the right atrium, and full saturation of the left atrium as compared with the pulmonary veins. The left ventricle was occasionally explored by this route also. In this age group, the technical problem of moving the catheter within the pulmonary circuit makes the exclusion of a patent ductus difficult* * In one case since operated upon, a functioning patent ductus was found. 5 *2 1-1 3-7 4-2 14-2 7-4 23 0 4-6 14-4 3-1 10.0 3-3 14-4 3-1 5-0 3 9 7.9 5.0 11 0 6-9 14-6 since no faith can be put in the failure to traverse the ductus. An associated defect of this type therefore cannot be readily excluded in this age group by catheterization alone.
B. The Haemodynamics. These are summarized in Table 6. 1. THE PRESSURES. Except in infants with congestive failure at the time of study, the levels in the great veins and right atrium were normal by comparison with adult standards.
Right ventricular hypertension was found in all but one case (16) of the series; this was carried forward into the pulmonary circuit essentially unchanged. No case was found to have the 'relative' pulmonary stenosis occasionally found in older persons with large left-to-right shunts. Its absence is probably related to the severe clinical condition and elevated total pulmonary resistance found in these infants.
Normal pressure levels for this age group have not been published, but sporadic observations in this unit in infants with compensated aortic stenosis suggest that adult standards hold good at least as early as 6 months of age. Case 16 would be normal by these criteria. Comparison of the pulmonary arterial mean pressures with the mean in the femoral artery showed that the former was 68% or more of the latter in 10 of the 16 cases. The implication of this is that these 10 children would be considered as poor surgical risks by the criteria of Lillehei et al. (1955) which had a higher incidence of right ventricular hypertension. Conversely, right-to-left shunts were more common, and caused the high incidence of arterial unsaturation which has already been commented upon.
The resistances echo the phenomena already described; a high total pulmonary resistance was usual. This is in contradistinction to the normal or lower resistances found in many older children with a more benign lesion. Our only exception was Case 16, a patient who is perhaps more typical in this respect. The pulmonary arteriolar resistance (where calculable) contributes somewhat to this increase. The total peripheral resistances are in many cases high by adult standards, but this again may not be pathological for this group as it has been sporadically observed in normals of the same age studied in this department.
3. CARDIAC WORK. The right ventricular work was calculated on the assumption that the shunt occurs in systole and that this chamber does not contract upon the shunted blood. The results show that the amount of work done by the right ventricle is greatly increased by adult standards when expressed as a work index (R.V. work). This is, (Surface area) of course, a function of the raised pulmonary pressure. The left ventricular work is similarly increased by index values because of the left-to-right shunt.
Summation of the left and right ventricular work indices gives an estimate of the total work done by the heart in this condition. It is very likely, however, that values for normals in this age group are higher than for adults in this respect, because of the high peripheral resistance already mentioned, and the exaggerating tendency of a low surface area.
Discussion
This group illustrates the severe clinical and haemodynamic change in a series of infants with ventricular septal defect. It is seen that the problem in this age group is not of the shunt, but of the resultant or coincident pulmonary hypertension. This may occur very early in life. It was proven to exist as early as 2 months of age in Case 1. Clinically in this and in Case 3, the condition may have been present in the first two weeks of life. The resultant rise in ventricular and total work indices is very marked in the majority, and explains the high incidence of right-sided failure in this and other series (Engle, 1954) . Growth failure is severe, but cannot be statistically related to the pulmonary arterial pressure if this is abnormal; nor in the absence of normal values to the cardiac output. If pulmonary pressure and arterial desaturation is considered in relation to operability, over half of these infants might not be aided by surgery. This trend might be reversed if these children are studied very early in life, though again cases occurred as early as 2 months in which surgery could not be advised. During the period of follow-up one child (Case 14) died of congestive cardiac failure; three others died suddenly at the beginning of a respiratory infection before surgery could be carried out.
Summary
The clinical and radiological features of a series of infants with ventricular septal defects are presented. The resultant effects on the haemodynamics are noted and discussed.
